Introduction {#sec1-1}
============

Multiple sulfatase deficiency (MSD) is a rare lysosomal storage disorder transmitted as an autosomal recessive trait in which all known sulfatases present with deficient activity and resulting in the accumulation of glycosaminoglycans and sulfated lipids.\[[@ref1]\]

The gene responsible for MSD is sulfatase-modifying factor 1 (SUMF1) and maps on chromosome 3p26. The defect involves a modification process common to seven or more sulfatases: The post-translational conversion of a cysteine to C-formylglycine (FGly), which is required for generating catalytically active sulfatases.\[[@ref2][@ref3]\]

It presents with combined clinical phenotypes of the different sulfatase deficiencies resulting in features of following disorders: Metachromatic leukodystrophy, Morquio A syndrome, Sanfilippo A syndrome, Sanfilippo D syndrome, Maroteaux Lamy syndrome, which are autosomal recessive conditions, Hunter syndrome, which belongs to the group of X-linked disorders, as well as X-linked types of ichthyosis and chondrodysplasia punctata.\[[@ref4]\]

Patients with MSD carry the phenotypical features of these disorders. Psychomotor retardation, coarse face, hepatosplenomegaly, ichthyosis, and skeletal findings like scoliosis and dysostosis multiplex are the most common findings of the disease. Based on the degree of severity and age of onset, neonatal, moderate, and mild types of MSD have been differentiated.\[[@ref5]\]

Here, we present clinical findings and the mutation analysis of four Turkish patients with MSD.

Case Reports {#sec1-2}
============

The patient 1 was a 1.5-year-old girl who was admitted to our hospital for developmental delay and epilepsy. Her parents were not consanguineous. She was hypotonic, mentally retarded and unable to sit and walk. Upper and lower tendon reflexes were absent and Babinski sign was bilaterally negative. She also had coarse face, ichthyosis, hypertrichosis, and hepatosplenomegaly \[[Figure 1](#F1){ref-type="fig"}\]. She had seizures since the age of 1 year which were refractory to antiepileptic drugs and mainly consisted of tonic and complex partial seizures. Magnetic resonance of the brain revealed hyperintense lesions in the periventricular white matter. X-rays of the elbow and vertebral column were compatible with dysostosis multiplex, and scoliosis. Electroencephalogram demonstrated multifocal epileptiform activity. Electromyography and echocardiogram were normal.

![An 18-month-old girl with a multiple sulfatase deficiency with dysmorphic features](AIAN-16-720-g001){#F1}

The patient 2 was an 11-month-old boy and his primary problem was developmental delay. The parents were consanguineous. He had coarse face, ichthyosis, hypertrichosis, and hepatosplenomegaly. Upon neurological evaluation, eye contact, reaction to sound stimulus, and head control were absent. He had global hypotonia and was not able to sit. Distal tone of the four extremities was decreased and deep tendon reflexes were absent. He did not have epilepsy. Electromyography and echocardiogram were normal.

The patient 3 was an 18-month-girl who presented to our hospital with complaints of developmental delay and deafness. There was a history of consanguinity in parents. She had coarse face, ichthyosis, and hepatosplenomegaly. There was general axial hypotonia with decreased tone in the four extremities, and deep tendon reflexes were absent. X-rays of the elbow and vertebral column were compatible with dysostosis multiplex. Her echocardiogram showed secundum atrial septal defect. Magnetic resonance of the brain revealed hyperintense lesions in the periventricular white matter.

The patient 4 was the cousin of patient 3. She was a 16-month-old girl and the primary problem was developmental delay. The parents were also consanguineous. She also had axial hypotonia, coarse face, ichthyosis, and hepatosplenomegaly. She was not able to sit and reflexes in four extremities were absent Babinski sign was bilaterally negative. She did not have epilepsy. Dysostosis multiplex was seen in X-rays of the elbow and vertebral column. Her echocardiogram showed secundum atrial septal defect. Magnetic resonance of the brain showed hyperintense lesions in the periventricular white matter similar with patient 3 \[[Figure 2](#F2){ref-type="fig"}\]. [Table 1](#T1){ref-type="table"} shows findings of clinical, MRI and X-rays of all patients.

![Cerebral magnetic resonance imaging showed hyperintense lesions in the periventricular white matter](AIAN-16-720-g002){#F2}

###### 

Demograpic findings of all patients

![](AIAN-16-720-g003)

In the four patients, clinical findings suggested MSD and the enzymatic assays of three different sulfatases (Arylsulfatase A, Arylsulfatase B, and Iduronate Sulfatase) revealed very low levels of the enzymes \[[Table 2](#T2){ref-type="table"}\]. These were also confirmed by DNA analysis and the four patients were homozygous for a missense mutation c. 739G \> C causing a p.G247R amino acid substitution in the SUMF1 gene.

###### 

Enzymatic assays of three different sulfatases measured in patients
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Discussion {#sec1-3}
==========

MSD is a rare autosomal recessive inborn error of metabolism. Its prevalence is 1 in 1 million births. Worldwide, less than 50 cases have been published so far.\[[@ref1]\]

MSD is primarily a defect in the posttranslational modification of sulfatase to its active form. FGly is the key catalytic residue within the active catalytic side of sulfatases, and it is converted from cysteine by the action of formylglycine-generating enzyme (FGE).\[[@ref6]\] This enzyme is defective in MSD. The gene encoding for FGE, known as SUMF1, has been identified and disease-causing mutations have been described.\[[@ref7]\]

The clinical picture of MSD combines symptoms of the different sulfatase deficiencies. Patients show neurological deterioration and a neurodegenerative course of disease similar to metachromatic leukodystrophy. In addition, developmental delay, dysmorphism, and organomegaly are present as found in various mucopolysaccharidoses. Skeletal abnormalities remind one of Chondrodysplasia punctata type I and skin changes of X-linked ichthyosis.\[[@ref1][@ref4]\] Patients with MSD may also have mental retardation, coarse face, seizures, leukodystrophy, tetraplegia, visceromegaly, ichthyosis, and dysostosis. Early development may be normal following an often rapid clinical progression, with neurodegeneration leading to early death within a few years of clinical onset.\[[@ref1]\]

Clinical manifestations are markedly variable in patients with MSD. The neurological progression may be slow and there may be no hepatosplenomegaly that is typical for MSD. Patients may have corneal clouding, macrocephaly, dysostosis multiplex, and mild mental retardation, but there is no ichthyosis as Saudi variant of the disease.\[[@ref8]\] Yis *et al*.\[[@ref9]\] reported two Turkish patients with MSD. They had mental retardation, spasticity, coarse face, ichthyosis, and hepatosplenomegaly. They were found homozygous for a novel missense mutation c. 739G \> C causing a p.G247R amino acid substitution in the SUMF1 in their patients. In our patients, we found general hypotonia, mental retardation, coarse face, ichthyosis, and hepatosplenomegaly. But, there was not spasticity in our patients. Also, we found cardiac anomaly in two patients. To our knowledge, cardiac anomaly was not reported previously in the literature. Deafness was seen in two patients. One patient had epilepsy. Dysostosis multiplex was detected in three of our patients. We detected same homozygous for a missense mutation c. 739G \> C causing a p.G247R amino acid substitution in the SUMF1 in our patients.

The responsible gene for MSD is SUMF1 and it is located on chromosome 3p26.\[[@ref3]\] Missense, nonsense, microdeletion and splicing mutations in SUMF1 gene were described. SUMF1 mutations have variable effects on the activity of each sulfatase and there is no relationship between the type of molecular defect and the severity of phenotype.\[[@ref10]\]

Conclusion {#sec1-4}
==========

It is important to consider the possibility of MSD in a child with skin problems and neurological deterioration. Detailed skin and physical examination is mandatory in a neurology clinic in a patient with either metachromatic leukodystrophy or mucopolysaccharide deficiency. Molecular genetic analysis of the SUMF1 gene should be performed to elucidate the disease causing mutation as a prerequisite for precise genetic counseling and prenatal molecular genetic diagnosis.
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